A new catalytic hydroboration of olefins in the gas phase has been proposed. The kinetics of the reaction of diborane with ethylene or propylene in the presence of a Pd-carbon by ri=kp1/2BPO, where PB and PO denote the initial partial pressures of diborane and ethylene or propylene, respectively, and k the rate constant. The activation energy was 6 and 1.5kcal/mol for ethylene and propylene, respectively. These activation energies were much smaller than those for noncatalytic hydroboration found in literature. The reaction mechanism was interpreted in terms of the rate-determining step which is the attack of the olefin on the dissociated diborane on the catalyst. The reaction mechanism was further confirmed by the adsorptions of diborane, ethylene and propylene.
by Eq. (1) and are shown in Table 1 . The rate of hydroboration of ethylene was greater by a factor of about 3 to 4 than that of propylene. The activation energies of hydroboration of ethylene and propylene were calculated to be 6 and 1.5kcal/mol, respectively. The frequency factor in propylene hydroboration is expected to be smaller than that in ethylene hydroboration, because there may exist some steric hindrance with the former. The steric hindrance in the hydroboration reaction in the liquid phase is also shown by Brown1). The activation energy of noncatalytic hydroboration of ethylene was obtained as 37.3kcal/mol3)* which is much larger than ours. The rate constant of the catalytic will be noted that hydroboration in the gas phase is greatly promoted by the presence of the catalyst. where C denotes the catalyst and BH3 (a) the adsorbed state of the dissociated diborane. And the reaction is further followed by:
(III)
(IV) (6) where n=2 or 3. Thus, diborane is adsorbed dissociatively on the catalyst, and the dissociated diborane reacts consecutively with the olefin to form II, III and then IV. The adsorbed species (IV) will be desorbed from the surface into the bulk by Eq.
(6). By considering the Eqs. (2) to (6) the stoichiometric hydroboration reaction of olefin (Eq. 7) can be shown to be (7) If one assumes that the amounts of the adsorbed species (II) to (IV) can be neglected in comparison with (I), as the amount of trialkylborane is so small at the initial stage, the concentration of the dissociated diborane can be assumed as the Langmuir-type adsorption as follows Assuming further that step (3) is rate controlling, the initial rate of the reaction is given by Eq. (9), as the reverse reaction of step (3) can be neglected, here k; the rate constant K1; the equilibrium constant of step (2) 3) When the adsorption of diborane or olefin is the rate-controlling step, the rate equation depends only on either diborane or olefin partial pressure, which did not agree also with the experimental results.
Adsorption of Diborane
Experiments on adsorption of diborane over the trap. After attaining the adsorption equilibrium, the remaining diborane was condensed in the trap cooled with liq. N2 until the manometer reading was zero, then evacuated slightly. The stop-cock between the adsorption vessel with the trap and manometer was closed, and the liq. N2 was removed to evaporate the condensed diborane from which the amount of physical adsorption of B2H6 was calculated. The amount of diborane chemisorption was therefore, pressumed to be the difference between the amount of the initial adsorption and that of the evaporated. The equilibrium pressure of chemisorption was calculated from the initial equilibrium pressure (Pe) and the ratio of the amount of chemisorption to the total amount of adsorption. The above adsorption procedure was repeated at several diborane pressure levels, and the equilibrium amounts and pressures of chemisorption were estimated. Thus, the isotherm of chemisorption at two relatively narrow temperature ranges was obtained as shown in Fig. 5 . One of the examples of such adsorption is shown in Table 2 . The adsorption isotherm was plotted according to the Langmuir equation (Eq. 12) for the dissociative adsorption of diborane; reciprocal of the amount adsorbed, v vs. that of the square root of diborane partial pressure, P1/2B
As shown in Eq. (12), the heat of adsorption was 15kcal/mol.
The heats of adsorption for various amounts are shown in Fig. 7 , and the initial heat of adsorption was obtained as 20kcal/mol from the extrapolation to the zero amount of adsorption (see Fig. 7 ). The difference in the values from Eq.
(13) and extrapolation is ascribable to the heat of adsorption which greatly depends on the equilibrium constant for adsorption of small amounts. The dissociative adsorption of diborane on the catalyst was experimentaly shown to be valid, and the amount of chemisorption was found to be The heats of adsorption of ethylene and propylene at their initial stages (see Fig. 7 ) calculated from the Clausius-Clapeyron equation were found to be 14.6kcal/mol and 6kcal/mol, respectively. The results of adsorption of the olefins suggest that physical adsorption will be taking place on the catalyst surface. The mechanism considered in the Eq. (2) to (6) seems to be plausible from the results of the olefin adsorption studies.
